INTRODUCTION
he natural radionuclides are present everywhere with different concentrations. They were created together with the creation of the earth. Among the natural radionuclides, 238 U, 232 Th, and 40 K are most significant. The isotopes 238 U and 232 Th are radioactive and they undergo radioactive decay into many other radioactive isotopes until they are stable. As radium and its daughter products produce 98.5 % of the radiological effects of the uranium series, the contribution from the 238 U is used to be replaced with the decay product 226 Ra. The natural radionuclides emit gamma radiation which continuously affect human health. Therefore, the investigation of their concentrations in the living environments of human beings is an important task in order to estimate the radiation hazard from these natural radionuclides to human.
It is possible to say that the earth's crust including soil is one of the environment having the largest presence of the natural radionuclides. The natural radionuclides in the soil not only affect the health of the people living beneath it but also in building materials which are made from it. Therefore, in order to limit the risks caused by the natural radioactive isotopes in the earth, it is necessary to measure the activity concentration of the radionuclides in it. Due to the importance of this issue, the survey of the activity concentration of natural radionuclides in the surface soil has been attracted the interest of many researchers in the world [1] [2] [3] [4] . In Lao PDR, this issue so far has not been interested.
In this work, we present the first results of measuring the activity concentration of the natural radionuclides of the soil samples taken in Thoulakhom district of the capital Vientiane of Lao PDR by using high-resolution gamma-ray spectroscopy. It is necessary to stress that this is the first ever investigation of the natural radioactivity in the soil of Lao PDR. Such kind of investigation will be carried out continuously in the future in different provinces of Lao PDR in order to provide the data on natural radioactivity of soil in these regions. These data will help the evaluation the background exposure levels in the T 120 SCIENCE AND TECHNOLOGY DEVELOPMENT JOURNAL: NATURAL SCIENCES, VOL 2, ISSUE 4, 2018 investigated areas. Furthermore, they will help the authorities for better planning land use as well as to reduce the level of influence of natural radioactivity to people health of Lao PDR.
EXPERIMENTAL METHODS

Sample collection and preparation
In fig. 1 , the locations for collecting the soil samples in Thoulakhom district of Vientiane province of Lao PDR are presented. The total number of the locations was 10 and they were indicated by the circles with the dots on the map. They are marked as P1, P2…P10. A soil auger had been used for obtaining the soil samples at a depth of about 0.6 meters from the surface layer at the designed locations. At each location, about 5 kg wet weight per sample had been collected and they were sent to the laboratory at the Center for Nuclear physics of the Institute of physics of Vietnam Academy of Science and Technology for measurement of the activity concentration of 226 Ra, 232 Th, and 40 K radionuclides. All measurements carried in our laboratory were done with 0.2 mm sieved soil. For this purpose, firstly, soil sample moisture was removed by drying at a temperature of 100 o C for about 24 hours in an oven. After removing moisture, the samples were crushed and sieved by using a sieve to pass a mesh of 0.2 mm. The homogenised samples were filled into the cylindrical plastic beakers with the diameter of 10 cm, which were then hermetically sealed with the aid of PVC tape to prevent the escape of airborne 222 Rn and 220 Rn from the samples. The samples were weighed and stored for more than 30 days for reaching secular equilibrium between 226 Ra and its short-lived daughters. 
Measurement of the activity concentration of the soil samples
A gamma-ray spectrometer was used for measuring the activity concentration of the soil samples. The gamma-ray spectrometer is connected with a coaxial cylinder HPGe detector model GEM20P4-70 made by Ortec company. The relative detection efficiency of the detector is about 20% relative to a 3" x 3" NaI(Tl) scintillation detector. The energy resolution of the detector at 1.332 MeV was 1.8 keV. The electronic system of the spectrometer contained a detector high voltage power supply and signal processing modules. The latter included a main spectroscopy amplifier model 572A made by Ortec company and a computer based PCA-MR 8192 ACCUSPEC multi-channel analyzer. For
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data acquisition, storage, display, and on-line analysis of the acquired gamma-spectra, an advanced multi-channel analyzer emulation software MAESTRO-32 has been used. For spectral off-line analysis, the software, GENIE-2K software had been used.
In order to reduce the number of background gamma radiation present at the laboratory site, the HPGe detector was placed in a low-level Canberra Model 747 lead shield having a lead thickness of 10 cm. It prevented prevent high background counts due to external sources, thus reducing counting times and improving the lower limit of detection. The 1 mm tin and 1.6 mm copper graded liner prevented interference by x-rays from lead. Energy calibration of the detector was carried out by using two different sources 60 228 Ac. The value written inside the parentheses following gammaray energy indicated the absolute emission probability of the gamma decay. In order to obtain a good statistics, gamma spectra of the soil samples was measured in long enough time. In our case, each sample was measured for about 72000 seconds. Measurements with an empty sample container under the same measuring condition of the sample containers filled with soil were also carried out to determine the ambient background in the laboratory site.
The activity concentrations in each soil sample were determined by the relative method using the standard samples made from the IAEA-RGU-1, IAEA-RGTh-1 and IAEA-RGK-1 reference materials [5] . These materials were obtained from the International Atomic Energy Agency (IAEA), for which the activity concentration of the interested radionuclides were known. The densities of the reference and investigated soil samples were similar. Furthermore, the geometry of the containers of the soil samples was identical to that of the reference materials (IAEA-RGU-1, IAEA-RGTh-1, and IAEA-RGK-1). By applying the relative method for the activity concentration determination, many corrections could be avoided.
RESULTS AND DISCUSSION
Calculation of the activity concentrations
The following equation had been used for calculating the activity concentration of 40 K, Am was the activity concentration of radionuclide in the soil sample given in Bq.kg -1 ; As was the activity concentration of radionuclide in the standard given in Bq.kg -1 ; Cm was the count rate (counts/second) obtained under the corresponding peak of the soil sample;
Cs was the count rate (counts/second) obtained under the corresponding peak of standard sample;
Ms was mass of the standard sample in kg; Mm was mass of the soil sample in kg; tm was the measuring live time for the soil sample in second;
The mean activity concentration in Bq. 
Estimation of radiation hazard indices
By using the obtained activity concentrations of 226 Ra and 232 Th and 40 K radionuclides of the investigated soil samples, the radiological hazard indices of all samples were also calculated including absorbed dose rates (D), radium equivalent activity (Raeq), external hazard index (Hex), internal hazard index (Hin) and representative level index (Iγ). Table 2 presented the average values of absorbed dose rate, radium equivalent activity, external hazard index, internal hazard index and gamma-index of all investigated soil samples.
The absorbed dose rate D in the air at 1 m above the ground surface due to the activity concentrations of 226 Ra, 232 Th, and 40 K could be calculated using the formula given below [6] CHUYÊN SAN KHOA HỌC TỰ NHIÊN, TẬP 2, SỐ 4, 2018 The radium equivalent activity Raeq Radium equivalent activity was an index that had been introduced to compare the activity concentration of materials containing different amounts of 226 
where ARa, ATh, and AK were the activity concentrations of 226 Ra, 232 Th and 40 K in Bq.kg -1 , respectively. The values of the radium equivalent activity of all soil samples as listed in Table 2 showed that it ranged from 24.13±1.78 to 138.43±2.77 Bq.kg -1 with the mean of 66.05±0.72 Bq.kg -1
. The recommended safety limit for this quantity was 370 Bq•kg −1 [7] .
External hazard index Hex and internal hazard index Hin
Natural occurring radionuclides in terrestrial soils produced an external radiation field. Human beings were exposed to this radiation field continuously. The external hazard index (Hex) and internal hazard index (Hin) were used as radiological indicators to estimate the radiological implications of the natural radionuclides in the surface soil on the people who were living on it. The external hazard index and the internal hazard index were calculated by the following formulae: 370 259 4810
185 259 4810
Where, ARa, ATh, and AK were the activity concentrations of 226 Ra, 232 Th and 40 K in Bq.kg -1 , respectively. The value of these hazard indices mould be less than unity to the radiation hazard insignificant i.e.; the area was safe to the human for living. According to our calculated values of these indices listed in table 2, the values of the external hazard index ranged from 0.07 to 0.37 Bq.kg -1 with the mean of 0.20±0.12 while the values of internal hazard index ranged from 0.10 to 0..46 with the mean of 0.26±0.13 Bq.kg -1 . All of these values were lower than unity.
Representative level index Iγ
Representative level index (Iγ) was used to estimate the level of gamma radiation associated with different concentrations of some specific radionuclides. According to [ 8 ] , it was defined as follows:
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It should be noted that the safety value for this index was less than unity. The values of the representative level index presented in table 2 were between 0.17 and 1.03 with the mean of 0.52±0.32. All the values were less than unity except the value of the sample taken in Ban Nam Ang was a bit higher (1.03 Bq.kg -1 ). 232 Th, and 40 K were then used to deduce the values of different radiation hazard quantities such as absorbed dose rate in air (D), radium equivalent activity (Raeq), external hazard index (Hex), internal hazard index (Hin) and representative level index (Iγ). Most of the values of these quantities were found to be less than the worldwide mean values. It meant that the area under investigation was safe to the human for living. In some locations, the absorbed dose rate in air (D) and the radium equivalent activity were found to be a bit higher. Further investigation will be carried out in other areas of Lao PDR.
